Organic micropollutants (OMPs) are pervasive anthropogenic contaminants of fresh and 16 marine waters with known potential to adversely affect aquatic life (e.g. endocrine disruption).
caused by oxygen perturbation. Microbial cultures from dairy farm wastewater were exposed The discharge of trace levels of pharmaceuticals, industrial chemicals, pesticides and personal 58 care products into aquatic environments is an issue of global environmental concern (1-3). implies that simple oxygen control strategies within wastewater treatment bioreactors may 87 provide a cost-effective solution for enhanced biological OMP removal.
88
In this study we investigated the impact of dynamic variation in oxygen concentration on OMP 89 biotransformation by representative wastewater microbial consortia. We hypothesise that 
Results

96
Influence of oxygen perturbations on microbial enzymatic activity 97 Five frequencies (2, 1, 0.5, 0.25 and 0.16 cycles per hour) were tested at two aeration regimes
98
(high-DO, up to 10 mg-DO /L and low-DO, up to 4 mg-DO /L) that generated cyclic patterns 99 of dissolved oxygen concentrations in bioreactors ( Figure 1 , Table 1 ). The oxidoreductase
100
(lignin peroxidase, horseradish peroxidase, laccase and cytochrome P450) and hydrolase (beta- (Table S1 ).
107
Cultures perturbed in high-DO regimes at 0.25 cycles/hr showed significantly higher and Tables S2 and S3 in the supplementary 
211
The cytochrome P450 system expressed in Rhodococcus spp. is known to degrade a range of 212 wastewater-derived steroid hormones and toxic herbicides (42). 
Materials and methods
305
Additional details of the materials and methods can be found in the supplementary information.
306
Reactor operational parameters and sampling sampling at the end of the cycle.
318
Enzymes activity assays 319 The activity of oxidoreductases in culture biomass samples was determined 320 spectrophotometrically by measuring the degradation (oxidation and hydrolysis) of various 321 chromogenic substrates used as surrogate xenobiotics ( 1M NaOH added to the para-nitrophenol dye wells (to stop the reaction) and vortex mixed.
331
Changes in absorbance caused by chromogenic reactions were read on a Victor X3 Multimode
332
Plate Reader (PerkinElmer, USA) at different wavelengths (refer to supporting information).
333
Protein extraction and identification
334
Protein extraction was performed by cell lysis followed by precipitation of proteins and at 23,400 xg for 30 min at -4°C after which the pellet was washed with 5 ml cold acetone twice.
343
The final pellet was heat dried and re-suspended in 400 µl low stringency buffer (see for 17 min. The flow rate was 0.2 ml/min. in both modes and the injection volume was set to 2 376 µl and 10 µl for +/-polarity modes, respectively. Limit of detection and limit of quantification 377 were determined using signal/noise ratios of 3 and 10 respectively. . Regulation of enzyme production by the competition of ROS production and cellular respiration for O2. Under aerobiosis, NADH generated by carbon oxidation is oxidised to NAD + and the electrons are passed on to oxygen by quinone pool (Q-pool). The autophosphorylation of membrane integrated Arc B is inhibited by oxidised quinone. Microaerobiosis/ Anaerobiosis causes a decrease in the level of oxidised quinones due to more production of NADH, allowing the transphosphorylation of Arc A-P. Arc A-P then coordinates the cellular response to microaerobiosis. Fnr is a direct sensor of oxygen availability. It is in a monomeric activated state with the incorporation of (4Fe-4S) 2+ cluster. Under aerobic conditions, the active Fnr (4Fe-4S) 2+ cluster gets converted to inactive (2Fe-2S) 2+ , thus, inhibiting the gene regulation while microaerobic/ anaerobic conditions block the Fnr at active (4Fe-4S) 2+ form. Both Fnr and Arc AB regulates the cell metabolic pathways to generate redox signals which transfers electrons to the oxygen and generates the reactive oxygen species inside the cell. Another oxidative stress regulator (Sox RS and Oxy R) regulates the endogenous free radical concentrations by synthesis of antioxidative enzymes which simultaneously oxidise the organic micropollutants.
The
